A gene library was constructed with DNA from strain A mice by using the phage A vector A1059. By screening with cloned cDNA for the third component of mouse complement, C3, four different C3 genomic clones were isolated from this library. Two of the recombinant phages carry insertions of 14 and 18 kilobase pairs, respectively, which together cover one complete copy of the C3 gene and several hundred nucleotides of its 5' and 3' flanking sequences. The distance from the 5' end of the gene, which includes the hexanucleotide T-A-T-A-A-A and a translation initiation codon, to its 3' end as defined by the poly(A) attachment site is 24 kilobase pairs. From the genomic DNA sequence, a signal peptide of24 amino acid residues is predicted at the NH2 terminus of the initial translation product. The signal peptide and the next two amino acids are encoded by the first exon of this gene.
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The third component of complement, C3 , is a serum glycoprotein that plays an essential role in the defence of mammalian organisms against microbial and viral infections. It also participates in inflammatory and immunological reactions (1, 2) . Qualitatively, the expression of the C3 gene is controlled in a tissue-specific manner: the protein is produced mainly by hepatocytes and, to a lesser extent, by monocytes, macrophages, spleenic and lymphoid cells, by other tissues of the reticuloendothelial system, and by a few epithelial tissues (3, 4) . In humans, C3 concentrations are significantly increased in maternal serum late in pregnancy and also during acute-phase inflammatory reactions (5, 6) . The biosynthesis of C3 was reported to be increased several fold by hydrocortisone in a rat hepatoma cell line in tissue culture (7) . These observations suggest that quantitative controls of the expression of the C3 gene exist and that glucocorticoids and possibly other steroid hormones might participate in its regulation.
The C3 protein has several distinguishable physiological functions mediated by specific peptides derived from it. The C3a peptide fragment of C3 is an anaphylatoxin which induces inflammatory responses. The C3d fragment harbors a reactive site, through which the protein covalently attaches to particle surfaces. Furthermore, the C3b and C3d polypeptides carry binding sites recognized by other complement proteins, by two specific regulatory proteins of the complement system, and by distinct receptor proteins present on the surfaces of a variety of effector cells (8) (9) (10) (11) .
With the aid of C3 genomic clones, we wish to correlate the exon-intron structure of the gene with known functional domains of the polypeptide and to study the control of its expression. In this report, we describe (i) the isolation and characterization of recombinant phages that contain a complete copy of the gene, (ii) the delineation of the promoter region and the poly(A) attachment site, and (iii) the detection ofsequences coding for a signal peptide (12, 13) . This signal peptide and the following two amino acids were found to be encoded by the first exon of the gene.
MATERIALS AND METHODS
Construction and Screening of a Mouse Gene Library. Liver DNA from adult strain A/Jax mice was prepared as described by Groner and Hynes (14) . The DNA was partially digested with the restriction enzyme BamHI, and fragments were separated by electrophoresis in a 0.6% agarose gel (low-gelling-temperature agarose; type VII, Sigma). Partial restriction fragments of [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] kilobases (kb) were recovered by repeated phenol extractions in the presence of 0.5 M NaCl (15) (16) . The resulting plaques were screened as described (19) with nick-translated (20) C3 cDNA radiolabeled probes (21, 22) . Work with recombinant phages was carried out in the P3 facility ofour Institute in accordance with the National Institutes of Health guidelines for recombinant DNA research.
Preparation and Analysis of Cloned DNA. Recombinant phage from large-scale lysates was purified by equilibrium centrifugation in cesium chloride density gradients, and DNA was extracted from phage particles by standard procedures (23) . Transfer of DNA fragments from agarose gels to nitrocellulose was performed as described by Southern (24) . Endonuclease restriction maps were constructed by established methods (25, 26) , and DNA sequence determinations were carried out by the method of Maxam and Gilbert (27 (Fig. 2) . The poly(A) attachment site was found 16 Fig. 1 ). Where mRNA sequences are written in the bottom row, they differ from genomic sequences. The first six adenosine residues of the poly(A) tail are shown. The arrow in the top row marks the limit of the last intron of the gene.
of the gene was located within a 232-bp HindIII-BamHI subfragment of the 1,500-bp BamHI fragment of KW4 (Fig. 3) . The DNA sequence of this fragment was determined (Fig. 4) . Downstream from the HindIII site by 76 bp, the hexanucleotide T-A-T-A-A-A was found, which is a typical sequence element of eucaryotic RNA polymerase promoter regions (29, 30) . In order to map the cap site on the genomic DNA, a singlestranded end-labeled 26-bp Hae III-BamHIl fragment was used as a primer for reverse transcription of C3 mRNA. The size of extended cDNA was precisely measured by electrophoresis alongside the sequence ladder of the 232-bp HindIII-BamHI fragment in a 6% polyacrylamide/urea gel. Thereby, the 5' end ofthe mRNA was mapped 28 ± 2 bp downstream from the center of the T-A-T-A-A-A box. The first ATG triplet was located 84 bp downstream from the T-A-T-A-A-A box, at the beginning ofan open reading frame that extended over 81 nucleotides, part of which matched exactly the 5' sequences determined for the cDNA (see next section).
Nucleotide Sequences Encoding the C3 Signal Peptide. From the nucleotide sequence of primer-extended C3 cDNA, we have identified the sequence that encodes the first 10 amino acid residues from the NH2 terminus of the C3P polypeptide subunit: NH2-Ile-Pro-Met-Tyr-Ser-Ile-Ile-Thr-Pro-AsN (22) .
Coding sequences for these amino-acids were also found in the genomic clone KW4; however, they were interrupted by an intron starting from the codon for methionine, the third residue in this amino acid sequence (Fig. 4) . The ATC codon specifying the first Ile residue was located within the BamHI site at the boundary ofthe 232-bp HindIII-Bamlil fragment that contains the T-A-T-A-A-A box described above (Fig. 3) . Between the ATG translation initiation triplet and this Ile codon, we found another 23 triplets in the same reading frame, uninterrupted by translation termination codons. No other translation initiation signal was found between the T-A-T-A-A-A hexanucleotide and this Ile codon in any ofthe other reading frames. Therefore, the DNA sequence predicts that the initial translation product of the C3 mRNA should contain 24 additional amino acids beyond the NH2-terminal Ile residue of the mature C3f3 subunit. The amino acid sequence of this extension peptide, deduced from the genomic DNA, is shown in Fig. 4 . By comparing the DNA sequences of genomic DNA and primer-extended cDNA covering this region, it could further be concluded that the first exon of the gene encodes the 24 amino acids of this NH2-terminal extension peptide plus the next two residues (Ile and Pro) and the beginning ofthe third residue (Met) ofthe C3O3 subunit. The remainder of the Met triplet and triplets for the next 62 amino acid residues of the C3p subunit were found in the second exon. DNA sequences were further determined for se- lected regions of the 2.7-kb BamHI fragment and compared to known cDNA sequences (22) . By this comparison it was possible to determine the exact position of the second and the start of the third exon in the gene (Fig. 4 Lower). DISCUSSION Two lines of evidence suggest that the recombinant phages KW4 and KW7 contain a complete copy of the mouse C3 gene including =1.2 kb of 5'-flanking and 7 kb of 3'-flanking sequences: (i) restriction fragments from the insertions carried in these phages hybridized with a variety of C3 cDNA fragments, which represent over 90% of the C3 mRNA sequences, and (ii) DNA sequence analysis showed that these genomic clones contain coding sequences for C3 mRNA that are identical to the corresponding cDNA sequences (22) . The length of the mouse C3 gene from the cap site to the poly(A) attachment site is 24 kb-4 to 5 times longer than the C3 mRNA, which measures 5,100 ± 200 nucleotides (22) .
The 5' end of the gene has been located by the position of the T-A-T-A-A-A hexanucleotide, by an ATG translation initiation codon, and by the map position ofthe 5 Secreted glycoproteins are frequently processed from intracellular precursor proteins that contain an NH2-terminal extension peptide, a leader peptide, or signal peptide. These peptides serve to insert the NH2 termini of the nascent protein chains into the membranes of the rough endoplasmic reticulum and to direct their transport across the membrane (vectorial transport). They are generally removed' during translation by specific proteolytic cleavage (cotranslational processing; ref. 13) . As C3 is a secreted glycoprotein, it was to be expected that its intracellular precursor should contain a single peptide. The genomic DNA sequence reported above predicts the existence of an NH2-terminal extension peptide in the initial C3 translation product ofthe following sequence: Met-Gly-Pro-Ala-SerGly-Ser-Gln-Leu-Leu-Val-Leu-Leu-Leu-Leu-Leu-Ala-,Ser-SerPro-Leu-Ala-Leu-Gly. This extension peptide possesses several, characteristic properties ofsignal peptides (31) C3 cDNA fragments that covered all of the C3 mRNA sequences that have been obtained as cloned cDNA until now, plus the 232-bp BamHI-HindIII genomic DNA fragment containing the 5' end of the gene, were used as probes. All of the BamHI restriction fragments, which were detected in the digest of genomic DNA, also were found in one of the two phages. Similar results also were obtained with the restriction enzymes EcoRI and HindIll (unpublished data). Therefore, the mouse genome carries only one type of C3 gene recognizable by this analysis. If more than one copy of the C3 gene were present, then all should give rise to the same BamHI, EcoRI, and HindIII restriction patterns. No pseudogenes of the mouse C3 gene were detected. In this respect, the mouse C3 gene is similar to the human C3 gene (36) but quite different from the human and murine C4 genes. Although the C4 genes are most likely derived from the same ancestral gene as the genes specifying C3 and C5, they are duplicated inside the major histocompatibility complex of both species (37, 38) . In contrast, the C3 gene is located outside that complex in both species (36, 39) .
